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Abstract
Background: Although the Western Ontario and McMaster University Osteoarthritis Index
(WOMAC) is considered the leading outcome measure for patients with osteoarthritis of the
lower extremity, recent work has challenged its factorial validity and the physical function subscale's
ability to detect valid change when pain and function display different profiles of change. This study
examined the etiology of the WOMAC's physical function subscale's limited ability to detect change
in the presence of discordant changes for pain and function. We hypothesized that the duplication
of some items on the WOMAC's pain and function subscales contributed to this shortcoming.
Methods: Two eight-item physical function scales were abstracted from the WOMAC's 17-item
physical function subscale: one contained activities and themes that were duplicated on the pain
subscale (SIMILAR-8); the other version avoided overlapping activities (DISSIMILAR-8). Factorial
validity of the shortened measures was assessed on 310 patients awaiting hip or knee arthroplasty.
The shortened measures' abilities to detect change were examined on a sample of 104 patients
following primary hip or knee arthroplasty. The WOMAC and three performance measures that
included activity specific pain assessments – 40 m walk test, stair test, and timed-up-and-go test –
were administered preoperatively, within 16 days of hip or knee arthroplasty, and at an interval of
greater than 20 days following the first post-surgical assessment. Standardized response means
were used to quantify change.
Results: The SIMILAR-8 did not demonstrate factorial validity; however, the factorial structure of
the DISSIMILAR-8 was supported. The time to complete the performance measures more than
doubled between the preoperative and first postoperative assessments supporting the theory that
lower extremity functional status diminished over this interval. The DISSIMILAR-8 detected this
deterioration in functional status; however, no significant change was noted for the SIMILAR-8. The
WOMAC pain scale demonstrated a slight reduction in pain and the performance specific pain
measures did not reflect a change in pain. All measures showed substantial improvement over the
second assessment interval.
Conclusions: These findings support the hypothesis that activity overlap on the pain and function
subscales plays a causal role in limiting the WOMAC physical function subscale's ability to detect
change.
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Background
At the Outcome Measures in Arthritis Clinical Trials
(OMERACT III) conference, pain and physical function
were identified as the top two core outcomes for patients
with osteoarthritis (OA) of the hip or knee [1]. The
WOMAC pain and physical function subscales have been
recommended as the leading self-report measures to
assess these attributes [2,3]. Conceived for patients with
osteoarthritis of the hip or knee, the WOMAC is a self-
report disease specific measure developed by Bellamy
using a clinimetric approach [4]. Specifically, WOMAC
items were generated using a structured interview that
included open- and closed-ended questions applied to
100 patients with primary osteoarthritis of the hip or
knee. Patients were asked to rate the importance of items
generated from the open- and closed-ended questions and
the final WOMAC items were those with the highest fre-
quency and importance produce ratings [5]. Although the
first version of the WOMAC had five dimensions [5], the
social and emotional subscales were subsequently deleted
yielding the current measure with three subscales: pain (5
items), stiffness (2 items), and physical function (17
items) [4]. There are two administration formats for
WOMAC items: one applies a 5-point Likert approach and
the other uses a 100 mm visual analogue scale [6]. Scores
can be interpreted for each subscale or the total score. The
WOMAC has been used extensively in clinical interven-
tion studies including drug trials [7,8], exercise [9-11] and
modality studies [12,13], and joint replacement surgery
investigations [14-17].
The measurement properties of the WOMAC have been
investigated in many studies and McConnell et al have
provided an excellent review article [6]. This summary
indicates that the WOMAC pain and physical function
subscales have levels of internal consistency and test-retest
reliability consistent with clinical practice and research
applications. Moreover, McConnell et al reported many
studies supporting the WOMAC's construct validity and
sensitivity to change [6]. Information concerning the
WOMAC's factorial validity does not appear in the review
because no citations existed prior to their article. Factorial
or structural validity examines the extent to which
domains hypothesized to make up a measure – pain, stiff-
ness, and physical function in the case of the WOMAC –
actually underlie patients' responses. Subsequent to
McConnell et al's review article, consistent evidence refut-
ing the factorial validity of the WOMAC's pain and physi-
cal function subscales has appeared [18-20]. These
investigations suggest that WOMAC items do not group
by pain and function as originally conceived, but rather by
activities with overlap of the pain and function items [20].
An important consequence of the poor factorial validity is
that the WOMAC may not be capable of distinguishing
between changes in pain and functional status when these
attributes have discordant changes. A previous study dem-
onstrated that the WOMAC's physical function subscale
was unable to detect deterioration in patients' functional
status levels when assessed within 16 days of hip or knee
arthroplasty [20]. Of particular interest was the finding
that the time components for two performance measures
– a 40 m walk test and timed-up-and-go test – more than
doubled, while the WOMAC pain subscale score and
numeric pain rating scores specific to the performance
measures remained the same or decreased slightly. Based
on these findings it was hypothesized that the WOMAC's
physical function score may be spuriously influenced by
responses to the WOMAC's pain questions [20].
The purpose of this study was to investigate the causal
mechanism of the WOMAC's physical function subscale's
(WOMAC PF) poor ability to detect change in the pres-
ence of discordant changes in pain and function. Our
hypothesis was that the duplication of some items on the
WOMAC's pain and function subscales contributes to this
shortcoming.
Methods
We used the LK3.1 version of the WOMAC. For this ver-
sion of the WOMAC, items are scored on a 5-point scale
(0 to 4) with higher scores representing greater levels of
pain, stiffness, and difficulty with physical function. Pain
subscale scores can vary from 0 to 20; stiffness subscale
scores can vary from 0 to 8; and physical function subscale
scores can vary from 0 to 68.
Using items from the WOMAC-PF, we intentionally con-
structed two 8-item versions of this subscale to test our
hypothesis. One version did not contain activities that
were identified on the WOMAC pain subscale and the
other included activities similar to those presented on the
pain subscale. For example, the WOMAC pain subscale
inquires about pain: (1) walking on flat surfaces; (2)
going up or down stairs; (3) at night while in bed; (4) sit-
ting or lying; and (5) standing. The shortened version con-
taining activities with themes that overlapped the pain
questions consisted of the following physical function
items: (1) descending stairs; (2) ascending stairs; (3) ris-
ing from sitting; (4) standing; (5) walking on a flat sur-
face; (6) rising from bed; (7) lying in bed; and (8) sitting.
Notice that the concepts include the direct items of walk-
ing, stairs, standing, sitting and lying, and the similar
items rising from sitting and rising from bed. The last two
contain a standing and sitting or lying component. In con-
trast, the version not containing activities mentioned on
the pain subscale included the following items: (1) bend-
ing to the floor, (2) getting in or out of a car; (3) going
shopping; (4) putting on your socks or stockings; (5) get-
ting in or out of the bath; (6) getting on or off the toilet;BMC Musculoskeletal Disorders 2004, 5 http://www.biomedcentral.com/1471-2474/5/17
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(7) performing heavy domestic duties; and (8) perform-
ing light domestic duties. Throughout the remainder of
this paper we refer to the version with items similar to the
pain scale as SIMILAR-8 and the version with dissimilar
items as DISSIMILAR-8.
Two patient samples in which data on the WOMAC were
collected in its original format contributed to this work.
The first sample of 310 patients awaiting hip or knee
arthroplasty was used to examine the factorial structure of
the shortened measures; the second sample of 104
patients receiving hip or knee arthroplasty was applied to
test the hypothesis that overlapping pain and function
activities account for the poor ability of the WOMAC-PF
to detect change in the presence of discordant changes in
pain and function. Both samples consisted of patients
diagnosed as having osteoarthritis (OA) of the hip or
knee. The participants were individuals who had end-
stage osteoarthritis determined by their surgeon according
to patient symptoms, clinical findings and radiographs
[21,22]. Patients in the change sample underwent primary
total hip (THA) or total knee (TKA) arthroplasty. Exclu-
sion criteria included bilateral or revision arthroplasty sur-
gery, additional operative procedures, and comorbidities
associated with cognitive impairment. The assessments
and surgeries took place at a tertiary care hospital in
Toronto Canada. Ethics approval was obtained from the
institution's review board and all patients taking part in
this investigation provided written informed consent.
In the change cohort, in addition to the WOMAC data,
three performance tests – a self-paced walk (SPWT) [23],
a stair test (ST), and the timed-up-and-go (TUG) [24] –
were also administered. Each performance measure
included time and pain components. Time was assessed
to the nearest 1/100 of a second using a stopwatch.
Patients recorded their pain immediately following each
activity on an 11-point numeric pain rating scale (0 = no
pain to 10 = pain as bad as it can be). For the SPWT,
patients walked two lengths of a 20 m corridor in
response to the instruction "Walk as quickly as you can
without over exerting yourself." For the stair test, patients
ascended and descended 9-stairs (step height 20 cm) in
their usual manner, at a safe and comfortable pace. The
TUG test commenced with patients sitting in a standard
arm-chair, standing, walking to a tape 3 m in front of the
chair, and returning to a seated position in the chair.
No gold standard exists for functional status. Accordingly,
a construct validation process plays an important role
when examining the extent to which a measure is valid.
Construct validation involves forming theories about the
attribute of interest – in this study lower extremity func-
tional status – and testing the extent to which the measure
of interest provides results consistent with the theories
[25]. To assess the measures' abilities to detect change we
used data from two time intervals: the first where pain and
physical function change differently, and the second
where pain and physical function display a similar
change. Previous work has shown that pain does not
change appreciably when assessed within 16 days of hip
or knee arthroplasty; however, there is a marked deterio-
ration in physical function over this interval [20,23].
Moreover, a substantial reduction in pain and improve-
ment in functional status has been noted when the inter-
val between a postoperative assessment within 16 days of
surgery and a second postoperative assessment exceeds 20
days [20]. Accordingly, we used data from patients
assessed preoperatively, within 16 days of surgery (first
postoperative assessment), and at a minimum of 20 days
following the first postoperative assessment (second post-
operative assessment).
There were three aspects to the analyses: (1) assessment of
the factorial validity of the pain and physical function
subscales (patients awaiting surgery, n = 310); (2) exami-
nation of the shortened measures' abilities to detect
change (patients receiving total joint arthroplasty, n =
104); and (3) determination of the correlation between
the WOMAC pain and function scores and the shortened
measures' scores (n = 104). Exploratory factorial analysis
of the pain and physical function subscales with oblique
rotation was applied to examine the factorial validity of
the shortened measures. The application of oblique rota-
tion acknowledges a correlation between pain and func-
tion. Factors were identified for eigenvalues greater than
one.
We applied the standardized response mean (SRM) to
quantify change [26]. The SRM is calculated as the average
change divided by the standard deviation of the change
scores. In this study a negative SRM indicated deteriora-
tion (e.g., increases in pain scores, WOMAC physical func-
tion scores, and time to complete performance tests) and
positive SRM represented improvement. We used a boot-
strap procedure to obtain 95% confidence intervals for the
SRMs and to test for differences between SRMs for the
shortened versions of the WOMAC physical function sub-
scale [27]. The bootstrap procedure consisted of sampling
with replacement 1000 samples each of 104 observations.
The 1000 bootstrap samples were sorted and the 95%
confidence intervals were obtained by reading the 25th
and 975th observations. The between measure compari-
son was obtained by first taking the difference in SRMs for
1000 paired bootstrap samples for the two versions of the
shortened physical function subscales, sorting the differ-
ences from lowest to highest, and examining whether the
value zero (i.e., no difference between measures) was
included between the 25th and 975th observations.BMC Musculoskeletal Disorders 2004, 5 http://www.biomedcentral.com/1471-2474/5/17
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Correlation analysis was used to describe the relationship
between the WOMAC pain and function subscales, and
the two shortened WOMAC-PF versions. Meng's test for
dependent correlation coefficients was applied to test for
differences in correlations between the shortened meas-
ures [28].
Results
One hundred sixty-one (52%) of the 310 patient sample
were females. One hundred thirty-seven patients (44%)
were awaiting THA of which 62 were female. The mean
age and body mass index for the 310 patients were 64.5
years (sd 10.9) and 31.0 kg/m2 (sd 5.9) respectively. Of
the 104 patients taking part in the change investigation,
48 (46%) were females. Fifty patients (48%) had THA, 22
of which were females. The sample's mean age and body
mass index were 62.4 years (sd 10.2) and 29.9 kg/m2 (sd
4.9) respectively. The median interval between surgery
and the first postoperative assessment was 8 days (1st, 3rd
quartiles: 7, 10), and 38 days (1st and 3rd quartiles: 32, 47)
between the first and second postoperative assessments.
Table 1 displays the pattern loadings for the factor analy-
ses. Three factors accounting for 65% of the variance were
identified for the pain and original physical function sub-
scales of the WOMAC; however, the items did not group
by the hypothesized domains of pain and physical func-
tion. Two factors accounting for 63% of the variance were
identified for the pain and SIMILAR-8 items. Once again
there was not a clear distinction between pain and physi-
cal function items. Two factors consistent with the
WOMAC's hypothesized pain and physical function
domains, and accounting for 62% of the variance were
identified for DISSIMILAR-8 items.
Table 2 provides descriptive statistics and SRMs for the
self-report and performance tests. The results provided in
this table convey the following information about the
interval between the preoperative and first postoperative
assessments: (1) the WOMAC pain scale displayed a
decrease in reported pain; (2) no appreciable change took
place in the performance pain measures; (3) there was a
substantial increase in the time to complete the perform-
ance tests; (4) the DISSIMILAR-8 showed a significant
deterioration in physical function; and (5) neither the
WOMAC-PF nor SIMILAR-8 demonstrated change. The
DISSIMILAR-8 was statistically superior at detecting dete-
rioration compared to the SIMILAR-8 (difference in SRM
= 0.56, 95% CI: 0.44 to 0.70) and the WOMAC-PF (differ-
ence in SRM = 0.28, 95% CI: 0.20 to 0.34). Over the sec-
Table 1: Pattern Loading Coefficients from Factor Analyses with Oblique Rotation (n = 310)
WOMAC-PF SIMILAR-8 DISSIMILAR-8
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 1 Factor 2
WOMAC Pain
Pain walking on flat surface -.028 .681 .298 .658 .165 .064 .792
Pain going up or down stairs -.035 .809 .150 .862 -.004 .095 .729
Pain at night while in bed .027 .164 .793 -.038 .806 -.096 .791
Pain sitting or lying .096 .239 .694 .105 .726 -.017 .798
Pain standing -.003 .606 .373 .532 .323 .057 .763
WOMAC Physical Function
Descending stairs -.020 .862 -.158 .950 -.237
Ascending stairs .148 .746 -.069 .868 -.056
Rising from sitting .430 .460 -.020 .594 .249
Standing .205 .573 .137 .552 .306
Bending to floor .608 .140 .080 .625 .158
Walking on flat .136 .627 .138 .646 .164
Getting in/out of car .665 .183 -.026 .742 .053
Going shopping .266 .578 .068 .453 .404
Putting socks/stockings on .926 -.314 .140 .777 -.085
Rising from bed .772 -.004 .117 .167 .628
Taking off socks/stockings .829 -.104 .138
Lying in bed .486 -.066 .561 -.120 .934
Getting in/out of bath .733 .203 -.192 .870 -.105
Sitting .558 .109 .307 .148 .709
Getting on/off toilet .760 .152 -.062 .823 -.010
Heavy domestic duties .604 .338 -.171 .788 .038
Light domestic duties .614 .323 -.061 .768 .110BMC Musculoskeletal Disorders 2004, 5 http://www.biomedcentral.com/1471-2474/5/17
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ond assessment interval there was no appreciable
difference in the abilities of the DISSIMILAR-8 and
WOMAC-PF to detect change (difference in SRM = 0.05,
95% CI: -0.04 to 0.07); however the DISSIMILAR-8 was
significantly superior to SIMILAR-8 at detecting improve-
ment (difference in SRM = 0.28, 95% CI: 0.03 to 0.52).
Table 3 displays the mean change scores and SRMs by
WOMAC item. Positive SRMs represent a reduction in
pain or an improvement in physical function. Based on
the confidence intervals, there was a reduction in pain for
the walking and stairs items between the preoperative and
first postoperative assessments. The remaining three pain
items did not demonstrate a change (i.e., 95% CI included
zero). Also for this assessment interval, there is an appar-
ent improvement in the following physical function
scores on the SIMILAR-8: (1) ascending stairs; (2) rising
from sitting; (3) standing; and (4) walking on flat. The
remaining SIMILAR-8 items did not detect a change over
this interval (i.e., the 95% CI included zero). In contrast,
five of the eight DISSIMILAR-8 items demonstrated dete-
rioration in physical function: (1) bending to floor; (2)
going shopping; (3) getting in/out of bath; (4) heavy
domestic duties; and (5) light domestic duties. The
remaining three items on the DISSIMILAR-8 showed no
change.
Table 4 reports the correlation coefficients between the
shortened physical function measures and the WOMAC
pain and function subscales scores at each of the three
assessment points. There were substantially higher corre-
lations that were statistically significant at all points in
time between the WOMAC pain subscale and the SIMI-
LAR-8 compared to the DISSIM8. The correlations
between the WOMAC-PF and the DISSIMILAR-8 are mar-
ginally higher than with the SIMILAR-8. Statistical signifi-
cance is demonstrated preoperatively and at the second
postoperative assessments. The correlations between the
WOMAC pain and physical function scales for the preop-
erative, first postoperative, and second postoperative
assessments were 0.79 (95% CI: 0.70, 0.85), 0.76 (95%
CI: 0.66, 0.83), and 0.81 (95% CI: 0.73, 0.87),
respectively.
Discussion
The purported principal themes of the WOMAC are pain,
stiffness, and physical function. However, previous stud-
ies have shown that WOMAC items do not group
according to these subscale headings [18,19]: the items
group by activity [20]. A consequence is that a subscale's
score may not provide an accurate representation of the
attribute specified by the subscale's trait label. We hypoth-
esized that the duplication of activities on the pain and
physical function subscales contributes to the WOMAC's
compromised factorial validity. Accordingly, the purpose
of this study was to examine the viability of parallel activ-
ity content on the pain and physical function subscales as
an explanation for the physical function subscale's poor
ability to accurately detect change in the presence of dis-
cordant changes for pain and function. Our results indi-
cate the following: (1) factorial validity exists for the
DISSIMILAR-8, but not for the SIMILAR-8 or WOMAC PF;
(2) the DISSIMILAR-8 detected deterioration in
functional status over the first assessment interval better
than the SIMILAR-8 and WOMAC-PF; (3) all measures
detected improvement over the second assessment inter-
val; and (4) WOMAC pain subscale scores demonstrated
substantially higher correlations with the SIMILAR-8 com-
pared to the DISSIMILAR-8.
Although one would expect pain and physical function to
be related, expert groups have considered these attributes
to be different enough as to warrant independent assess-
ment [1-3]. The WOMAC makes this distinction in that its
Table 2: Descriptive Statistics (sd) and Standardized Response Means (SRM, 95% CI) for Self-report and Performance Measures
Preoperative 
Assessment (Preop)
1st Postoperative 
Assessment (1st Postop)
2nd Postoperative 
Assessment (2nd Postop)
SRM* Preop-1st 
Postop
SRM** 1st Postop-
2nd Postop
WOMAC Pain 8.9 (3.1) 8.0 (3.4) 3.6 (3.2) 0.20 (0.01, 0.39) 1.18 (0.98, 1.42)
SPW Pain 3.4 (2.3) 3.3 (2.5) 0.8 (1.4) 0.02 (-0.16, 0.21) 1.10 (0.91, 1.30)
TUG Pain 3.2 (2.7) 3.3 (2.6) 0.6 (1.2) -0.05 (-0.24, 0.15) 1.16 (0.98, 1.35)
Stair Pain 3.8 (2.6) 3.4 (2.6) 0.9 (1.3) 0.12 (-0.07, 0.35) 1.06 (0.88, 1.30)
SPW Time (seconds) 30.8 (9.6) 83.4 (65.9) 32.9 (10.5) -0.86 (-1.36, -0.72) 0.81 (0.68, 1.34)
TUG Time (seconds) 9.7 (3.5) 23.4 (12.3) 10.1 (4.2) -1.24 (-1.56, -1.05) 1.26 (1.05, 1.66)
Stair Time (seconds) 16.2 (9.0) 39.8 (12.5) 19.6 (10.1) -1.80 (-2.21, -1.51) 1.94 (1.69, 2.32)
WOMAC SIMILAR-8 13.9 (5.4) 12.8 (5.3) 6.0 (4.8) 0.16 (-0.03, 0.37) 1.27 (1.07, 1.52)
WOMAC DISIMALAR-8 15.9 (5.5) 18.6 (5.8) 9.7 (5.9) -0.40 (-0.61, -0.22) 1.55 (1.30, 1.84)
WOMAC-PF 31.7 (11.1) 33.4 (11.2) 16.8 (10.7) -0.12 (-0.31, 0.06) 1.50 (1.28, 1.78)
*Median interval between assessments was 8 days (1st, 3rd quartiles: 7, 10 days) **Median interval between assessments was 38 days (1st, 3rd 
quartiles: 32, 47 days)BMC Musculoskeletal Disorders 2004, 5 http://www.biomedcentral.com/1471-2474/5/17
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subscales include pain and function. Moreover, and
unlike many other self-report measures that inquire about
difficulty, the WOMAC offers the following statement to
direct patients in their responses: "By this [difficulty with
physical function] we mean your ability to move around
and to look after yourself." To the extent that the time to
"move around" as assessed by the performance tasks pro-
vided a representation of a patient's physical function, sig-
nificant deterioration occurred over the first assessment
interval: the time for all performance tasks more than
doubled. In contrast, the pain associated with the per-
formance tasks did not change significantly over the first
assessment interval. Coupled with the results from the
WOMAC pain responses, these findings suggest that pain
does not get worse over the first assessment interval. The
SIMILAR-8 responses for ascending stairs, walking, rising
from sitting, and standing, showed significant improve-
ments over the first assessment interval. These self-report
activities on the WOMAC are directly comparable to the
performance activities of walking, stairs, and TUG. Three
items on the DISSIMILAR-8 did not detect deterioration
over the first assessment interval.
Table 3: Mean Item Changes (sd) and Standardized Response Means (SRM, 95% CI)
Change Preop-1st Postop Change 1st Postop- 2nd Postop SRM Preop- 1st Postop SRM 1st Postop- 2nd Postop
WOMAC Pain Items
Walking on flat 0.31 (1.06) 0.97 (0.95) 0.29 (0.09, 0.50) 1.02 (0.83, 1.28)
Up/down stairs 0.40 (1.14) 0.98 (1.00) 0.36 (0.17, 0.55) 0.98 (0.80, 1.16)
Night in bed 0.11 (1.25) 0.63 (1.02) 0.08 (-0.11, 0.29) 0.62 (0.40, 0.84)
Sitting or lying -0.10 (1.07) 0.82 (0.85) -0.09 (-0.30, 0.10) 0.97 (0.77, 1.22)
Standing 0.16 (1.10) 0.84 (0.89) 0.15 (-0.04, 0.34) 0.94 (0.74, 1.17)
WOMAC SIMILAR-8 Items
Descending stairs 0.14 (1.23) 0.86 (1.13) 0.12 (-0.08, 0.34) 0.76 (0.57, 0.98)
Ascending stairs 0.33 (1.23) 0.79 (1.07) 0.27 (0.06, 0.51) 0.74 (0.55, 0.94)
Rising from sitting 0.28 (1.10) 0.70 (0.90) 0.25 (0.06, 0.45) 0.78 (0.57, 0.94)
Standing 0.26 (1.01) 0.79 (0.87) 0.26 (0.06, 0.45) 0.91 (0.72, 1.13)
Walking on flat 0.23 (0.97) 0.92 (0.88) 0.24 (0.06, 0.45) 1.05 (0.86, 1.28)
Rising from bed -0.16 (1.04) 1.17 (0.92) -0.16 (-0.35, 0.03) 1.28 (1.01, 1.63)
Lying in bed 0.12 (1.11) 0.71 (0.94) 0.10 (-0.10, 0.29) 0.76 (0.55, 0.98)
Sitting -0.14 (1.03) 0.88 (0.86) -0.14, (-0.35, 0.05) 1.02 (0.81, 1.30)
WOMAC DISSIMILAR-8 Item
Bending to floor -0.60 (1.23) 1.13 (1.15) -0.49 (-0.68, -0.30) 0.99 (0.82, 1.20)
In/out car 0.06 (1.09) 1.10 (0.94) 0.05 (-0.14, 0.25) 1.17 (0.94, 1.41)
Going shopping -0.37 (1.18) 1.35 (1.22) -0.31 (-0.52, -0.11) 1.10 (0.86, 1.40)
Socks/stockings on -0.22 (1.36) 0.90 (1.16) -0.16 (-0.35, 0.02) 0.78 (0.57, 1.03)
Getting in/out bath -0.37 (1.26) 1.20 (1.03) -0.16 (-0.48, -0.11) 1.28 (1.00, 1.41)
Getting on/off toilet -0.07 (1.15) 0.91 (0.88) -0.07 (-0.27, 0.12) 1.04 (0.87, 1.23)
Heavy duties -0.64 (1.09) 1.14 (1.18) -0.59 (-0.81, -0.41) 0.97 (0.76, 1.20)
Light duties -0.48 (1.12) 1.12 (0.94) -0.43 (-0.63, -0.27) 1.19 (0.94, 1.49)
Not included on either scale
Socks/stockings off -0.09 (1.34) 0.93 (1.12) -0.06 (-0.27, 0.14) 0.84 (0.64, 1.07)
Table 4: Correlation Coefficients (95% CI) Between Shortened Measures and WOMAC Pain and Physical Function Scores
Assessment SIMILAR-8 DISSIMILAR-8 Difference Comparison (Z, p-value)
WOMAC Pain
Preoperative 0.83 (0.76, 0.88) 0.69 (0.57, 0.78) 4.04, p2 < 0.001
1st Postoperative 0.78 (0.69, 0.85) 0.66 (0.54, 0.76) 2.82, p2 = 0.005
2nd Postoperative 0.89 (0.84, 0.92) 0.66 (0.54, 0.75) 6.21, p2 < 0.001
WOMAC Physical Function
Preoperative 0.94 (0.91, 0.96) 0.97 (0.95, 0.98) 2.43, p2 = 0.015
1st Postoperative 0.94 (0.91, 0.96) 0.95 (0.93, 0.97) 1.63, p2 = 0.104
2nd Postoperative 0.91 (0.87, 0.94) 0.95 (0.93, 0.97) 3.58, p2 < 0.001BMC Musculoskeletal Disorders 2004, 5 http://www.biomedcentral.com/1471-2474/5/17
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These items involved sitting (socks on/off) or rising from
sitting (on/off toilet). In retrospect, one could argue that
these items parallel the sitting item on the WOMAC pain
scale and perhaps one should not be surprised at the
results.
Our findings support the hypothesis that duplicating
activities on the pain and physical function subscales
plays an etiologic role in compromising the WOMAC-PF
subscale's ability to detect valid change in the presence of
discordant change in pain and function. First, the DISSIM-
ILAR-8 displayed factorial validity, whereas, the SIMILAR-
8 lacked factorial validity. Second, the DISSIMILAR-8
detected deterioration in physical function over the inter-
val when discordant change in pain and function
occurred; however, the SIMILAR-8 did not detect this
change. Not only did the SIMILAR-8 fail to detect deterio-
ration in functional status, but also the point estimate of
change was in the direction of improvement rather than
deterioration. This apparent improvement in functional
status is consistent with the WOMAC pain subscale's
assessment of a reduction in pain. Finally, the WOMAC
pain subscale demonstrated substantially higher correla-
tions with the SIMILAR-8 compared to the DISSIMILAR-8.
Numerous studies have supported the validity [29-33]
and sensitivity to change [29,34-38] of the WOMAC and
it is the recommended outcome assessment tool for
assessing pain and physical function in studies investigat-
ing patients with osteoarthritis of the lower extremity [1-
3]. With the exception of several recent investigations [18-
20,39], the WOMAC has performed admirably. However,
there are two differences between studies that support the
WOMAC and those investigations that question its ability
to detect valid change. One difference is that the studies
supporting the WOMAC did not investigate the measure's
factorial validity. Clearly, there is consistent evidence that
factorial validity does not exist [18-20,39]. A natural ques-
tion asks, "Is the lack of factorial validity important?" A
review of the WOMAC's ability to detect change is inform-
ative when answering this question. The many studies
supporting the WOMAC's ability to detect change share a
common feature: pain and function were expected to
improve over the assessment interval. Moreover, the inter-
val between assessments for many of these studies often
exceeded several months, and even if the rate of change
differed for pain and function, it is unlikely that this dif-
ference could be detected [9,29,35,36,38]. The current
study applied a construct validation design that took
advantage of "extreme" differences in change for pain and
physical function. Consistent with the results of a previ-
ous investigation [20], the WOMAC-PF subscale did not
detect the decline in functional status that occurred over
the first assessment interval.
Because standard practice for some clinicians will not
involve the rigorous assessment of physical function
within 16 days of total joint arthroplasty, it is natural to
question the generalizability of our findings. At issue, is
not whether one would assess patients under these cir-
cumstances, but whether WOMAC-PF responses are
spuriously influenced by WOMAC pain responses. To
investigate the relationship between responses to pain
and physical function items, we took advantage of a situ-
ation where the attributes under investigation were
known to differ in their change profiles. Our findings sug-
gest that WOMAC-PF scores are strongly associated with
WOMAC pain scores. In this study the association was
strong enough to suppress the SIMILAR-8 and WOMAC-
PF abilities to detect deterioration in physical function
when the performance measures demonstrated a substan-
tial difference in the profiles of change for pain and phys-
ical function. We suspect that if the association between
reported WOMAC pain and physical function is suffi-
ciently strong as to mask the deterioration in physical
function that occurred over the first assessment interval in
this study, that the association would influence WOMAC-
PF scores when the true difference between change pro-
files in pain and physical function is less obvious. If this
conjecture holds true, it could call into question the
results of head-to-head comparison studies where the
WOMAC-PF has been shown to be more sensitive to
change than competing measures' assessments of physical
function [38,40].
Since commencing our study, shorter versions of the
WOMAC have been reported [41,42]. However, like the
full-length WOMAC, these measures contain a subset of
activities common to the pain and function subscales.
These measures also lack factorial validity and the ability
to detect change in functional status when pain and func-
tion display discordant change (see appendix: see Addi-
tional file: 1).
There are several limitations associated with our work.
First, this study was conducted on patients receiving total
joint arthroplasty and it is not clear the extent to which
our findings are generalizable to the assessment of
patients with osteoarthritis not undergoing surgery. Sec-
ond, to be included in this study, patients must have been
capable of completing the performance tests at the preop-
erative assessment. It is reasonable to assume that the
functional status levels of these patients would be greater
than that of patients who could not completed these tests.
Accordingly, the extent to which our findings are general-
izable to patients with more severe restrictions in func-
tional status is unknown. A third limitation of this study
is that it does not provide information concerning the
WOMAC-PF's ability to detect valid change if it were
administered in alone rather than as part of the fullBMC Musculoskeletal Disorders 2004, 5 http://www.biomedcentral.com/1471-2474/5/17
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WOMAC. Finally, we conceived the shorter versions of the
WOMAC-PF to test the hypothesis that the duplication of
some items on the WOMAC's pain and physical function
subscales contributes to the physical function scale's poor
ability to detect change when pain and function display
discordant change. Although the DISSIMILAR-8 was more
adept at detecting change compared to the WOMAC-PF –
and the other shorter versions cited previously – we do
not endorse the DISSIMILAR-8 as a viable alternative to
the WOMAC-PF. There are many considerations and
trade-offs to be weighed when selecting items for a meas-
ure. For example, in addition to being psychometrically
sound, a measure must possess content validity. Clearly, a
lower extremity functional status measure that does not
overtly inquire about ambulation lacks content validity.
For this reason, we caution against using the DISSIMILAR-
8 as an outcome measure for clinical trials and as the basis
for decisions in clinical practice.
The stimulus for our study was previous work suggesting
WOMAC-PF item responses are spuriously influenced by
WOMAC pain item responses. The results of the current
support this hypothesis. We believe the results are impor-
tant at two levels. Specific to the WOMAC, our findings
suggest that either the pain or physical function subscale
be restructured to avoid the same activity being included
on both scales. A potential solution to be explored in sub-
sequent inquiry would be to assess pain in a more general
context, rather than focusing on specific activities. In a
more general context, our results serve as a cautionary
note to measure developers who are contemplating
including similar activities on multiple subscales.
Conclusions
The intent of this study was to provide an insight into the
causal mechanism of the WOMAC-PF subscale's limited
ability to detect change in the presence of discordant
change in pain and function. This was accomplished by
constructing two shorter versions of the WOMAC-PF sub-
scale. One shorter version included activities that appear
on both the pain and function subscales; the other shorter
version avoided activities common to the pain and func-
tion subscales. Like the full-length physical function sub-
scale, the SIMILAR-8 was unable to detect a change in
physical function in the presence of discordant changes in
pain and function; however, the DISSIMILAR-8 did detect
change in the presence of discordance changes in pain and
function. This finding supports the hypothesis that the
overlap of questions on the WOMAC pain and physical
function subscales interferes with the measure's ability to
detect change.
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